- S2- 
S.1 Quantum mechanical calculations
In this work, we used a grand canonical Monte-Carlo (GCMC) simulation to simulate H 2 adsorption isotherms of zeolitic imidazolate frameworks (ZIFs). The accuracy of the GCMC simulation depends on accuracy of force fields (FFs). Thus we developed the FFs from high-level quantum mechanical (QM) calculations that provide a proper description of the London dispersion forces responsible for van der Waals attraction.
DFT methods are well-known to provide a poor description of van der Waals attraction, making it is unsuitable for predicting accurate interaction energies between H 2 and ZIFs. Therefore we used the second-order Møller-Passet (MP2) with the approximate resolution of the identity (RI-MP2). S1,S2 These calculations were carried out with the Q-CHEM S3 and TURBOMOLE S4 programs.
For H 2 ---C 3 N 3 H 3 , H 2 ---C 3 N 3 (NO 2 ) 3 , and H 2 ---C 3 N 3 Cl 3 , we used the aug-cc-pVQZ basis sets using the Q-CHEM program, and for H 2 ---ZnN 4 H 8 we used the quadruple zeta valence basis (QZV) supplemented with polarization functions from the cc-pVTZ basis, which is denoted as QZVPP using the TURBOMOLE program. For each MP2 calculation, we considered two different H 2 configurations, and we did not include excitations out of the 1s core orbitals. In addition, the binding energies of H 2 were corrected for basis-set superposition error (BSSE) by the full counterpoise procedure.
In addition, we calculated H 2 binding energies to the six imidazolate linkers (IM, mIM, nIM, bIM, mbIM, and cbIM) by the RI-MP2 method. Here we first performed a geometry optimization process for each compound with the cc-pVDZ basis set, and then carried out a single -S3-point energy calculation with the aug-cc-pVQZ basis set. Of course, the BSSE correction was also considered in this calculation. The calculated H 2 binding energies are summarized in Table S1 . 
Here the parameter D is the well depth, r o is the equilibrium bond distance, and α determines the stiffness (force constant).
In the GCMC simulation for simulation of H 2 uptake in ZIFs, we need eight FFs to describe non-bonded interactions of H 2 ---H 2 and H 2 ---ZIFs such as H_A---H_A, H_A---C_R, H_A---C_3, H_A---H_, H_A---N IM , H_A---N NO2 , H_A---O, H_A---Cl, and H_A---Zn, where H_A means a hydrogen atom in a H 2 molecule, C_R does an aromatic carbon atom, C_3 does a sp 3 carbon, and H_ does a hydrogen atom bonded to the aromatic carbon, N IM does an nitrogen atom in an imdazolate linker, N NO2 does an nitrogen atom in a functional group (-NO 2 ), O does an oxygen atom in a functional group (-NO 2 ), Cl does a chlorine atom in a functional group (-C 6 H 5 Cl), and Zn does a zinc atom in a ZnN 4 metallic joint part. We previously developed FFs for H 2 ---MOF (metalorganic frameworks) and H 2 ---COF (covalent-organic framework), and then reproduced experimental H 2 isotherms of the MOFs and COFs with the developed FFs. S5,S6 Thus of the eight FFs to simulate H 2 uptake in ZIFs, the first four FFs (H_A---H_A, H_A---C_R, H_A---C_3, and H_A---H_) could be used with ones developed in the previous works.
S5,S6
For the H_A---N IM FF, we carried out RI-MP2/aug-cc-pVQZ calculations for the interaction between H 2 and C 3 N 3 H 3 shown in Fig. S1(a) . Here, for a parallel orientation of H 2 , RI-MP2 calculation shows H 2 binding energy of -0.94 kcal/mol while our FF obtains -0.93 kcal/mol.
For a vertical orientation of the H 2 the RI-MP2 leads to -0.77 kcal/mol while our FF leads to -0.78 kcal/mol.
-S5-For H_A---Cl FF, the comparison is shown in Fig. S1 Table S2 .
Also, we need to mention that several ZIFs considered in this work have many disordered atoms in their crystal data obtained from the Cambridge Crystallographic Data Centre (CCDC).
Handling of such disordered atoms could be critical for prediction of H 2 uptake of ZIFs with relatively small diameters because orientation of imidazolate linkers can drastically change the H 2 -pore interaction. Therefore, we performed molecular mechanics to optimize their ZIF structures with unchanged lattice parameters before the GCMC simulation.
-S6- Binding Energy (kcal/mol) Distance (Ang.) Figure S1 . Comparison of the quantum calculations (RI-MP2) and fitted force fields for H 2 interacting with C 3 N 3 H 3 (a), C 3 N 3 Cl 3 (b), C 3 N 3 (NO 2 ) 3 (c), and ZnN 4 H 8 (d). In these calculations, the H 2 was oriented parallel and vertical to the organic linker and metallic clusters where the distance between the bond midpoint of H 2 and the center of the organic linker and metallic clusters were varied.
-S7- (Fig. a) , the second site (pink) is on the six-membered ring of the bIM (Fig. b) , the third site (red) is on the five-membered ring of the bIM (Fig. c) , the fourth adsorption site (yellow) is the center of the six-membered opening channel (Fig. c) , and the fifth site (cyan) is the center of the twelve-membered opening channel (Fig. d) . (Fig. a) , the second site (green) is the center of four-membered opening channel (sandwithed between four organic linkers) (Fig. b) , the third site (red) is on the five-membered ring of the cbIM (Fig. c) , the fourth adsorption site (yellow) is the center of the six-membered opening channel (Fig. c) , and the fifth site (cyan) is the center of the twelve-membered opening channel (Fig. d) . (Fig. a) , the second site (pink) is nearby the ZnN 4 metallic nodes (Fig. b) , the third site (red) is on the IM linker (Fig. c) , the fourth site (orange) is on the nIM linker (Fig. c) , and the fifth (green) and sixth (cyan) sites are the center of four-membered opening channel (sandwiched between four nIM linkers) (Fig. d) and the center of twelve-membered opening channel (Fig. d) , respectively. (Fig. a) , the second site (green) is the center of four-membered opening channel (sandwithed between four organic linkers) (Fig. a) , the third site (yellow) is the center of the sixmembered opening channel (Fig. b) , the fourth adsorption site (red) is on the five-membered ring of the nbIM (Fig. c) , and the fifth site (cyan) is the center of the twelve-membered opening channel (Fig. d) . (1) Center of the four-ring opening channel -9.2
(2) Center of the six-ring opening channel -8.4
(3) On the IM linker -5.9
ZIF-3 ZnN 4 , IM (4) Center of the eight-ring opening channel -2.5
(1) On the mIM linker -6.0 ZIF-8 ZnN 4 , mIM (2) Center of the six-ring opening channel -3.7
(1) Center of the four-ring opening channel -8.1
(2) On the IM linker -3.5 ZIF-10 ZnN 4 , IM (3) Center of the eight-ring opening channel -2.7
(1) On the five-membered ring of the bIM linker -14.9
(2) Center of the four-ring opening channel -11.1 (1) Center of the four-ring opening channel -11.6
(2) On the six-membered ring of the bIM linker -9.5 
